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SUMMARY

A systematic investigation was conducted in the Langley stabllity
tunnel to determine the effects of the various components and combina-
tions of components on the static longitudinal and lateral stability
characteristics at low speed of a series of 45° sweptback-midwing-airplane
‘configurations having wings with an aspect ratio of 2, 4, or 6.

The results of this investigation have Indicated that the wing-on
tail effectiveness in producing negative pitching moment increased with
aspect ratio and angle of attack and became approximately equal to the
wing-off value at very high angles of attack. Also, all complete models
tested became directionelly unstable in the high angle-of-attack range
primarily as a result of increased losses in the stable contribution of
the tail both with angle of attack and lncreasing wing aspect ratlo.

INTRODUCTION

In general, at low angles of attack satisfactory estimates of the
stabllity characteristics of midwing or near-midwing airplanes having
bodies of revolution may be made by use of procedures such as those
presented in reference 1. At moderate to high angles of attack, how-
ever, relisble estimates are difficult, 1f not impossible, to make
because of the unpredictable interference effects between the various
components of the airplane.

Experimental date are avallable from a number of sources concerning
the static stability characteristics of the unswept-wing case and the
swept-wing case (for example, refs. 2 to 8). These data show the influ-
ence of such geometric variables as tail area, taill length, fuselage
cross section, wing location, and others. The effects of wing aspect
ratio on the stability characteristics for wing-alone and wing-fuselage
configurations are glven in references 9 to 135. Little systemstic
information, however, 1s avallable concerning the effect of wing aspect
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ratlo on the contributions of wings, fuselages, and tails to the stability
characterlstics of complete models. In order to provide this information
an investigation (ref. 2) was conducted in the Langley stability tunnel
on & serles of unswept-midwing models having interchangesble wings of
aspect ratio 2, 4, or 6.

The purpose of the present paper is to extend the results of the
unswept-wing investigation of reference 2 to include the static longi-
tudinal and lateral stabllity characteristics for a serles of
459 sweptback-midwing configurations with wings of aspect ratio 2, 4,
or 6. Date are presented for an angle-of-attack range from 40 %o 329,
The effects of wing aspect ratio on the contributions of the verilous
components to the static longitudinal and. lateral stability charscteris-
tlcs are presented with particular emphasis on the influence of the com-
ponents, singly and in combination, on the tail contributions.

SYMBOLS

All, datse are referred to the stability system of axes with the ori-
gin at the projection on the plane of symmetry of the quarter-chord point
of the wing mean serodynamic chord. Positive directions of forces,
moments, and angular displacements are shown in figure 1. The coeffi-
clents and symbols are defined as follows:

A aspect ratio, %?

b span, ft

e local chord, ft

b/2

¢ mean serodynamic chord, %l/; cgdy, £t

1 tail length, distance measured perallel to fuselage reference
line from mounting point to &/4 of the tail (same for verti-
cal and horizontal tail)}, ft

5] surface area, sq ft

X - location of quarter-chord point of local chord, measured from
leading edge of root chord parsllel to chord of symmetry, ft

X location of quarter-chord point of mean aerodynamic chord,

measured from leading edge of root chord parallel o chord

b/2 |
of symmetry, -g-f cx dy, £t
40
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¥ spenwise distance measured from and perpendicular to plene
of symmetry, £t

¥ spanwise distance to mean aerodynamic chord, measured from
b/2
and perpendicular to plane of symmetry, % cy dy, £t
0

A spanwise distance along vertical tall measured from and per-

pendicular to fuselage reference line, Tt
Z spanwise distance along vertical tall to mean aerodynasmic

chord of vertical tail, measured from and perpendicular

by
to fuselage reference line, é%— k/\ cz dz, £t
v Yo
‘q free-stream dynamic pressure, %-pve, Ib/sq £t
v free-stream velocity, ft/sec
v spanwlise component of free-stream velocity, ft/sec
0 density, slugs/cu ft
[ angle of attack, deg
B engle of sideslip, defined as sin-% %, deg
Drx
Cny' approximate drag coefficient, —soo
D Pp & > O,
c 1ift coefficient, LEEL
L a8y
Cy side-force coefficient, Side force
Sy
Ca pltching-moment coefflcient, Pitching_moment
q_SWcW
Cn yawing-moment coefficlent, fawing moment ,
qswbw

Cy rolling-moment coefficient, Rolling moment

aSyby
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CYB = égx per degree

oB
CnB = ggﬁ per degree
CZB = §El per degree
9B
Subscripts:
h horizontal tail —
r root
t tip
v vertical tail
VH contribution of the combination of vertical and horizontal
tails to various force and moment coefflclents
W wing

Model component designations:

W wing alone

F fuselage alone -

VH comﬁination of vertical and horizontal taills, always tested
as a unit (tail alone)

WF wing-fuselage combination -

WVH wing-tail combination

FVH fuselage-tall combination

WEFVHE - wing-fuselage-tail combinetion (complete model)

Nomenclature used to denote configurations involved in the method
of subtracting the data of various configurations to obtain the con-
tribution of the vertical-tall—horizontal-tail assembly to .the various
force and moment coefficients 1s as follows:

"
L
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FVH-F fuselage-tall combination minus fuselage alone
WVH-W wing-tail combination minus wing alone

WFVH-WF complete model minus wing-fuselage combination
APPARATUS AND MODELS

This investigation was made in the 6-foot-dismeter test section of
the Langley stability tunnel. The models were mounted on a single sup-
port strut which was in turn fastened to a six-component electromechanical
balance system.

The models were constructed primerily of laminated mahogany with
Inconel and aluminum-alloy stiffeners in the wing and taill surfaces.
Geometric characteristics of the models are presented in table I; the
principle dimensions of the complete models are shown 1n figure 2.
Sketches of the plan forms of the three 45° sweptback wings of aspect
ratios 2, 4, and 6 used in this investigation are shown in figure 3.
Ordinates of the fuselage and the NACA 65A008 airfoll section used for
the wings and tail surfaces are presented in teble II. The fuselage
was circular in cross gection in planes perpendicular to the fuselage
reference line.

In this investigation the horizontal and vertical tails were tested
as & unlt et all times. In the absence of the fuselage, the tail group
was mounted on a boom in the same position relative to the mounting
point (/4 of the wing) that the tail occupied in the presence of the
fuselage. A complete-model configuration and a wing-tail conflguration
mounted on a single-strut support are shown in figure L.

TESTS AND CORRECTIONS

Tests for this investigation were made st a dynamlc pressure of
24 .9 pounds per square foot which corresponds to a Mach number of 0.13.
The Reynolds numbers based on the wing mean aserodynemic chord were

1.00 x 106 for the aspect-ratio-2 wing, 0.71 X lO6 for' the aspect-ratio-L

wing, and 0.58 x 106 for the aspect-retio-6 wing.

The longitudinel characteristics Cp, Cr, and Cp' were determined

for an angle-of-attack range of -4° to 32°. The sideslip derivatives
CYB’ Cnﬁ, and CzB were determined for this range of angle of attack

by using values for angle of sideslip of 5° and -5°.
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The angle of attack, the drag coefficient, and the pitching-moment
coefficient have been corrected for Jet-boundary effects by using epprox-
Imate corrections based on unswept-wing theory and in the manner suggested
in references 14 and 15. Tare corrections have been applied only to the
wing~on basic longitudinal data Cp, Cr, and Cp'. The data have not

been corrected for blockage.
PRESENTATION OF RESULTS

The results of thils investigation are presented as coefficlents of
forces, moments, and derlvatives plotted agalnst angle of attack for the
verious model configurations. A summary of the conflgurations investi-
gated and of the figures that present the data for these configurations,
together with the purpose of these filgures, is given in the following ~ =~~~
table:

Date (plotted against «) Configuration Figure | Purpose of figure to show -

Effect of the varlous model

W, WF, WVH, WFVH components singly and in

Cm, O, CD' - corbination on the basle
F, VE, FVH 6 longltudinal date.
Effect of the various model
(GL)VE 7 components on the tail
c 8 contribution to longi-
( m)VH VEH, tudinal stebility.
FVH-F,
WVE-W, Effect of wlng aspect ratio
- WEVE-WF on the tell contribution
(Cu)vm S 9 to longitudinel stebility
t with and without the
fuselage.

WEVH Effect of the verious model
W, ¥WF, WV, 10 componente singly and in

Cygy Cngy Gy combilnation on the static
P nﬁ P ¥, VB, FVH n lateral derivatives.
CYB) VE 12
Effect of the various model
c 13 components on the tall
( nB)VH . contribution to the static
VH, lateral derlvatives.
c FVE-F,
( lp) Ve WVH-W, 1
WEVH-WF

Effect of wing aspect ratlo
on the tail contribution
(Cn) by _ 15 to directionsl stability
B/VE 1 with and without the
fuselage.
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DISCUSSION

Preliminary Remarks

Interpretation of the results of this investigation may be mis-
leading in that the characteristic lengths ¢, end b, change with

wing aspect ratio (the wing area remains constant) and, of course, this
change results in a given moment belng transformed into & different
coefficient for each aspect ratio. Examples of the possible misinter-
pretation of data may be noted in figure 6 or figure 11, wherein data
are presented for the wing-off configurations for the three different
aspect ratlos. These data are actually the same but, when they are
reduced to coefficient form by use of the appropriate values of Ew

and by, the moment data form three different curves for each original

curve. In order to eliminate this apparent effect of wing aspect ratio
on the tail contributions to pitching moment (Cm)VH and directional

stability (Cnﬁ)VH’ plots are provided in which the tail length 1 is

used in place of Ew and b, as the characteristic dimension. (See

figs. 9 and 15.) This problem is not present in the force data due to
the fact that the area used to reduce these data was the same for all
wing aspect ratios.

Static Longitudinal Stability Characteristics

Basic static longitudinal stability characteristics.- The expected
trends for swept wings alone (ref. 10), i.e., increasing lift-curve slope
at 0° angle of attack with increasing aspect ratio and increasing 1ift-
curve slope with angle of attack, up to spproximately an angle of attack
of 12°, for the wings of aspect ratios 2 and k, are present in the results
for the models tested in this investigation (fig. 5). Likewise, the
Presence of pitch-up due to tip stall and its increased severity with
increasing aspect ratio (see curves in fig. 5 for wing aspect ratios of L
and 6) would be expected on the basis of the results of reference 10. The
effect of increasing aspect ratio in reducing the angle of attack at
which pitch-up occurs, indicated by the results for wings of aspect
ratios 4 and 6, was similar to that shown in reference 11.

The complete models follow the trends in pitching moment established
by their respective wings. The positive pitching-moment contribution of
the fuselage alone is apparently cancelled to & large extent by the mutual
interference of the wing and fuselage when the fuselage is tested in com-
bination with wings of aspect ratios 4 and 6 (teil on or off). (See
fig. 5.) This cancellation of the fuselage contribution is present for
the models of aspect ratios 4 and 6 except at very high angles of attack.
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The aspect-ratio-2 models, however, appear to retain to some degree
the positive pitching-moment contribution of the fuselage throughout
the angle-of-attack range investigated.

Tail contribution to pitching-moment coefficlent.- Examination of
figure 9 discloses a loss in the contribution of the tail to negative
pltching moment when the taill was tested In the presence of the wings.

c
This loss 1n tell contribution (Cm)VH'fg is a function of both angle

of attack and wing aspect ratio and results from the variation in loca-
tion of the wing wake with respect to the tail and to the local strength

of the wing wake. The angle-of-attack variation in (Cm)VH —E obvi-

ously is due to the movement of the horizontal tail down and out of the
wing wake. At a sufficiently high angle of attack the tail 1s out of

the wake and as seen in figure 9, the tail contribution 1s approximately
equal to that of the wing-off configurations. The aspect-ratio variation
may be assumed to arise because of three factors, all of which tend to
produce the same results - i.e., increased downwash at the tall with
decreasing aspect ratlo which reduces the tall contribution to negative
pitching moment. These factors are: the local downwash at the tail
being increased by the wing effectively moving closer to the tail with
decreasing wing aspect ratlo, a greater proportion of the load belng
carried by the center section of the wings with decreasing aspect ratio
(the local downwesh behind the wing varies with the local wing load,
increasing with increasing load), reference 10, and the decreased spen

of the wings with decreasing aspect ratio placing the trailing vortices
closer inbosrd with respect to the tall.

The results of this investigation showed more definition in the
effects of wing aspect ratio on the tail contribution to pitching moment
than those for the unswept wings of reference 2, probably as & result
of the leading-edge vortices of the swept wings belng inboard of the
tip. The effects of the fuselage on the tail contribution to pitching

moment are negligable for these tests, and little of the effect of mutual

interference of the wing and fuselage of the complete model on the tail
contribution noted in reference 2 for the straight wings was found for
these 45° swept wings.

Static Lateral Stability Characteristics

Bagic statlc lateral stablllty characteristics.- Each of the three
complete models (fig. 10) became directionally unstable in the high angle-
of-attack range (in the neighborhood of the angles for maximum 1ift
coefficient). Contributing to this instability were a loss in tail con-
tribution to CnB in the high angle-of-attack range, which is discussed
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in the next section, and an increase in the unstable contribution of
the wing-fuselage combination to CnB over a short range of angle of

attack in the high angle-of-attack range. Because of the fuselage, the
wing-fuselage combination, with tail on or off, produced an unstable
increment in Cnﬁ throughout the angle-of-attack range. In the absence

of the tail the effect of the wing on directional stability was of sec-
ondary importance. In the presence of the tall the influence of the wing,
however, assumed major importance at high angles of attack by reducing
the tail contribution to Cnﬁ- At high angles of attack the unswept-

wing—fuselage combinations of reference 2 were directionally stable in
comparison with the unstable 45° swept-wing—fuselage combinations of
the present investigation. Also, the tail contributions to directional
stability of the unswept models were significantly grester than those
of the 45° swept-wing models.

While Reynolds number affects the effective dihedral parameter CZB,
the dlrectionel derivative Cn{3 seemns to be relatively free of scale
effects. (See ref. 13.)

The 45° sweptback-wing models used in this investigetion 41d not
exhiblt the hysteresls effects reported for the unswept aspect-ratio-2
model of reference 2 although several attempts were made to determine
the presence of hysteresis by starting the sideslip motion of the model
at positive and negative sideslip angles well outside the envelope angles
indicated in reference 2.

Tail contribution to static lateral stabllity.- The discussion herein
of the tail contribution to static lateral stability is restricted princi-
pelly to directional stability. The tail contribution to directional sta-
bility (CnB)VH was obtained by subtracting the taill-off configuration

CnB from the corresponding tail-on configurstion an' For example, Cn13
of the complete model minus CnB of the wing-fuselage combination gives

the tail contribution as affected by the wing-fuselage combination. In
equation form:

(°ng)wrve = (Cng)r =(Cng)ve

A decrease in the stable contribution of the tall at high angles of
attack was one of the sources of directional instabllity of the complete
models, as mentioned in the previous section. This reduction and an
increased steble contribution of the taill in the presence of the wings
without the fuselage at angles of attack from d@pproximately 4% to the
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neighborhood of 16° (fig. 15) are a result of the downward movement of
the tail with respect to the vortex flow issuing from the swept wings.
directional stability 1is the variation in dynamic pressure in the region
of the tail (ref. 12). At moderate angles of attack increased positive
( nﬁ) is a result of the favorable sidewash at the tail due to the

vortex flow from the wing; whereas, at high angles of attack decreased
positive and even negative (CnB)VH 1s s result of unfavorable sidewash.

At high angles of attack the higher aspect-ratio wings infllct
greater losses in tail contribution to directional stabillty than do the
lower aspect-ratio wings, elther with or without the fuselage.

The fuselage exerted a destabilizing influence on the tall contri-
bution at low and moderate angles of attack with and without a wing
present (fig. 13). At high angles of attack, however, the fuselage had
somevwhat of a stabilizing effect on the tail. Also, the addition of the
fuselage to the wing-tall combination produced a stabllizing effect on
the tail contribution to directional stabllity at high angles of attack
(fig. 15). As shown in reference 6, the fuselage shape has a very defi-
nite effect on the influence of the fuselage on the tall contribution

to CnB

CONCLUSIONS

Anslysis of the results of an investigation to determine the effect
of wing aspect ratios 2, 4, and 6 on the static longitudinal and static
lateral stebllity characteristics of a series of 45° sweptback-midwing
models through an angle-of-attack range from“-ho,to 320 leads to the
following conclusions:

1. The tall effectiveness in producing negative pilitching moment
Increased with an increase in wing aspect ratio and angle of attack and
became approximately equal to the wing-off value at very high angles of
attack.
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2. All complete models tested became directionally unstable in the
high angle-of-attack range primarily because of en increasing loss in
the stable contribution of the tall both with angle of attack and
increasing wing aspect ratio and,-also, because of the unstable contri-
bution of the wing-fuselage combination.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics
Langley Field, Va., June k, 195T7.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODELS

Fuselage:
Length, £t . . . ¢ . ¢ v v ¢ v 0t i i i s e e s e e s e e e e . 3JTF0
Finesa ratlo . ¢« . ¢ ¢ ¢ ¢ ¢« v ¢ 4 ¢ 4 4 4§ 4 2 e e s e e s e s T.50
Mounting point, distance measured from nose of fuselage parallel
to fuselage reference line, £t . . . . . . . . . . . . 2.125

Diemeter at G/k of tail group, £t . . . « 7 . v ¢ ¢ v o . . . . . 0.70

Verticel tail:

Aspect ratio . . . . . . . 4 e e e e e e e e e e e e e e e e . 1.4
Sweep angle of quarter-chord line, deg « ¢« v « « v ¢« ¢+ ¢« o ¢ « o k5
Taper r8E10 « v ¢ 4 ¢ v ¢ v 4 o o o« e e e e e e e e . 0.6
Spen, £t . e e e e e e e e e e e e e e e e e e s e e e .. 0.688
Rootchordft..........................0.6111-
T:chhoa:'df'b.. I I (<)
Mean serodynamic chord cv, ft c e e st s e e e e e s e e e e 0.502
b © e e e e e e e e ... 0,468
. - ¢ Y 2 B
Area ratio, SyfSy - .+ . ... ... e e e e e e 15
NACA alrfoil sectlon in planes parallel to fgselage

center line . . . e e e e e . . . 658008

Horizontal tall:
Aspect ratio . . . . . @ s e 4 s 8 s 4 e e s e e 2.77
Sweep angle of qparter-choru line, deg e e e e e e e e e e e s e L5
Tgper ratio . . . . . . e e e e e e e e e e e e e 0.60
Spen, £t . . e e e e e e e e e e e e e e e e e e e e e . 1.117
Rootchordft..........................0.501+
Tip chord, £t . . e s e e e 4 a4 e s 4 e e 4 s e ae e 0.303
Mean aerodynamic chord ch, e e e e e e e e s e e e e s .. 012
xh,f‘l:..... ¢ & o s ¢ o ® & s & s e s s a4 & = e & e + & e @ 0.582
Fry B« o v e e e e e c e e i e e e ... 025
Area ratio, ShISw e e e e e e e e e e e e e e e e e e e 0.20
NACA airfoll section in planes parallel to plane of symmetry . . . 654008
Wings:

Aspect retlo . . . . . . e e e e 2 b 6
Sweep angle of quarter- )

chord line, deg . . . . + . « . . . 45 45 45
Toper T8t10 + & & v « ¢« « ¢ o o o o @ 0.60 0.60 0.60
Span, £ .« v h v 0 v e e e 0 e .. 2,122 3.000 3.674
Area, Sy, 8q £% . . . . oo .o 0L 2.250 2.250 2.250
Root chord, £t « « « « « & ¢ « o v « .« 1.326 0.938 0.765
Tip chord, £t . . e e e . . 0.795 0.563 0.459
Meen aerodynamic chord cw, . .. 1.08 0.766 0.625
S 0.82% 0.922 1.033
S o e e e e e e e . 0.486 0.688 0.842
Dihedral angle, deg et e s e e e e 0 - 0 : 0
Twist, deg . . . « ¢« « « o . e e 0 0 0

NACA airfoil section in planes
parallel to plane of symmetry . . . 654008 654008 65A008
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TABLE II.- FUSELAGE AND NACA .65A008 ATRFOIT, CRDINATES

Radius
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Lttt
Priching

moment
Rolling

moment

S

> APP; ox.

———— -
Relative wind kﬁ drag
B =0°
Lateral
force
Angle of yaw
Azimuth : - }
Approx.
ac=0° drag

Figure l.- Stability axes. Arrows indicate positive directions of forces,
moments, and angular displacements.
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/7
Mounting point, -417 450 /ey
4 826
/ L2
- - —— -6 ——=+remn= Z
%
re—7 371> 4
~ 25.50 - 16.70
- 4500 >

=\

‘3‘2.09 9./81 55/ L—‘c, _J .

All dimensions sre in inches.

Oy AN,

Figure 2.- General arrangement of models.
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Mounting point, —%‘1’-

]

X, = 1106
11.25
Y

Mounting point,

Y

Lw
4

6.75

Loy
Mounting point, —%—
Cw/4

R

5.5/
. 44.09——-————-!

¥
Figure 3.- Geometric characteristics of wings. All dimensions are in
inches.
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(a) Complete model, aspect-ratio-4 wing.

L-82é60
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(b) Wing-tail configuration, aspect-ratio-i wing.

Figure 4.- Two model configurations tested.

1-82958

19



2 i F
Gn ¢ 3G b FS:EL' haoN !
i RS [ | =
. 1 | o= i SR%
- 1 i !
13 1 i -+ X, r
- { N Y
i H ! lj Pcb_ oW o
-5 1 A I o Wr
) o Wi
M ; | | A WFVH
21 : Re?
or ﬁ:;:r = E"D‘;
'8- - al
G gt 9 4
42t & :
2t A 2
?- _:"6 ! H g ]
2 gy S S ] i
gl g
3
2
J - i H
olal ll [-NF . 1 1 |
4 0 4 8 12 B2O0M2873 - 0 4 8 /2 6202 283
Angle of atiock, L, deg Ak of ditock, T, aky
() Aspect-ratioc-2 wing. (b) Aspect-ratio-k wing.

T

4 048 BN
Ange of attrk, L, dby

(c¢) Aspect-ratio-6 wing.

Figure 5.~ Static longitudinal stebility characteristics of the wing elone end in verious com-

binations with the fuselage and tails.

02

Lloh BL VOVN



2 T B
ol 2 weaan >
j £ o L1 g 2y L
ol =T ' Lo =
Ak AN
< H—red 7 T 5
M ™ H 1 N LA
= L L G r\J o o
g N Seevy
-"3 | arhy L
» s T
o F | it
-5 I oy L |
e
g |
¥
L
q‘.l?
o -
-2
GZ T
4 : 2 ] = !
[ 0 PR g o o oz ¥ 7Y =t Y Al
0-4 0 4 8 12 6620HM282 4 0 4 8 126202283 -4 0 4 8‘/2/6'393125’&'2
Argk o atfack, O, by Am of atiock, (0, deg Angk of atioek; (L, dky
(a) Coefficients based on (b) Coefficients based on (c) Coefficlents based on
aspect-ratio-2 wing. agpect-ratio-4 wing. aspect-ratio-6 wing.
Figure 6.- Static longitudinal stability characteristics of the fuselasge alone, teil alone, and &

fuselage-tail combination.




22 NACA T LoTT

4 Ay =2
. e
@y < PN i =i
o : 2 g::' gfi
2
o VH
O FVA-F
& WVH-W
A WFVH-WF
. Ay =4
A7 -
o
2
Ay =6
4 w
2
€L)vi || 5ot O
0 SUESS
2

-4 o 4 8 2 16 20 24 28 32 36
Angle of altack, OC, deg

Figure 7.- Effect of the various components on the tall contribution
to Cr. :



NACA TN 4077 23

VH
FVH-F
WVH-W
WFVH-WF

B> <O0Oo

v/d

.
7

Cmjves

T %:

-4 o 4 8 74 16 20 24 28 32 36
Angle of attack, QC, deg

Figure 8.- Effect of the various components on the tail contribution
to Cn.



NACA TN 4077

ol
o WH
D WVH-W, A, =2
O WVH-W, A, =4
5 WVH-W, A, =6
/
0 ~
N - N e S N =
T - ‘ bois
s 7 <ol | R
4 = \Hé&%
-3
O FVH-F

O WFVH-WF, Ay =2
O WFVH-WF, Ay =4
5 WFVH-WF, Ay =6

< v [ . %@fo\g\\ﬂ\ﬂ
= [ EETRNIN N
2 RE RS eL

4 o0 4 8 2 16 20 24 28 32 36
Angle of attack, CC, deg

Figure 9.- Effect of wing aspect ratio on the variation of (Cm)VH <
with «.



]

004 : .

o - 0

-
Q
b

SRt

-002 i

04 11T

Am#tfaﬂvﬁCU kg

-4 0 & 2 6 20 3 28

NEPE

(a) Aspect-ratio-2 wing.

H %1

o2 4
A@Etfﬂﬂzttzidw

(b) Aspect-ratio-4 wing.

[T 17 11
ENEEEN 1 5
AR AN E Mirase

Oy =
EEEEEER I
oW
o Wr
o Wi
A WFVYH
1=
1
_c A ~ o
:——n—r [} %
TTTT
‘5\_ -
| Fadadd
I
-4 2 1620 3 28 32

FHH T
: S R
J'-_... ;go .\h
e
?- O
‘—1-—. gt" 8-
u y
|
B .z
[ 1]
-4 8 [2 16 2029 2832

4@htfﬂﬂrt‘27dv

(c) Aspect-ratio-6 wing.

Figure 10.~ Static lateral sta.bilify characteristics of the wing alone and in wvarious combine-
tione wilth the fuselage and teils.
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